1. Introduction {#s0005}
===============

Since the beginning of March 2020, the pandemic outbreak of coronavirus disease (CoVID-19) has heavily tested the Italian healthcare system. At time of writing, Italy has the third largest number of CoVID-19 cases in the world [@b0005]. Piacenza is a small city in Emilia-Romagna (Northern Italy), very close to Codogno (Lombardy), where on February 21st 2020 the first case of CoVID-19 has been reported. In just a few days our hospital has become one of the Italian epicenters of CoVID19 pandemic. While writing, we have dealt with 2516 CoVID-19 cases, among that 1414 needed hospitalization for acute respiratory failure and 210 were admitted to Intensive Care Unit.

The most common symptoms of CoVID-19 infection are dry cough and fever, which can turn into interstitial pneumonia with progression to acute respiratory distress syndrome (ARDS) and end-organ failure [@b0010].

Emergency Departments (ED) are facing an elevated number of critically ill patients, and it is common occurrence that the clinical scenario may not always correspond to the severity of lung damage. In our experience, some patients do not complain dyspnea even in presence of reduced levels of peripheral oxygen saturation and severe lung involvement [@b0015], as documented by point-of-care lung ultrasonography (US) and chest CT scan [@b0020].

The real challenge for the clinicians is to quickly identify CoVID-19 patients at high risk for ARDS. Old age, comorbidities (hypertension, diabetes), lymphocytopenia, elevated inflammatory indices (C-reactive protein, serum ferritin, erythrocyte sedimentation), and organ dysfunction (aspartate aminotransferase, creatinine, lactate dehydrogenase) are risk factors for ARDS in CoVID-19 patients [@b0010], [@b0025], [@b0030]. Unfortunately, the pathogenesis of CoVID-19 has not been completely understood. Certainly, inflammatory cytokine storm and viral evasion of cellular immune responses play a central role in disease progression and severity [@b0035]. Many laboratory abnormalities have been described to be associated to an adverse outcome in COVID-19 patients [@b0040]. In a meta-analysis by Henry et al., biomarkers of inflammation, cardiac and muscle injury, liver and kidney function and coagulation measures were significantly elevated in patients with both severe and fatal COVID-19, in particular Interleukin (IL) -6, IL-10 and serum ferritin were strong discriminators for severe disease [@b0045].

In the present study, we tested the hypothesis that some routine laboratory markers, used to detect tissue damage and inflammatory status, can be useful to predict the severity of respiratory failure in CoVID-19 patients, especially in small emergency departments worldwide, where CT scan is not available.

2. Patients and Methods {#s0010}
=======================

This is a retrospective observational study, including 123 patients (91 males; 32 females) consecutively admitted to the ED of "Guglielmo da Saliceto" Hospital in Piacenza, Emilia-Romagna, Italy, from February 27th to March 19th 2020, and diagnosed with CoVID-19 pneumonia. The study was approved by the local ethics committee.

The mean age was 63.1 years (ranging from 22 to 94). All the patients resulted positive for 2019-nCoV by Real Time-Polymerase Chain Reaction from the nasopharyngeal swab [@b0050] and were investigated at admission with lung US and chest CT scan that documented interstitial pneumonia at different stages.

Moreover at admission, we sampled arterial blood gas for all the patients to evaluate respiratory function based on partial pressure of arterial oxygen (PaO2) to fraction of inspired oxygen (FiO2) ratio (PaO2/FiO2). ARDS was diagnosed according to the Berlin definition [@b0055]: acute onset, bilateral opacities on chest CT scan, respiratory failure not fully explained by heart failure or fluid overload. Severity of ARDS was established according to PaO2/FiO2 value: mild (PaO2/FiO2 200--300 mmHg), moderate (PaO2/FiO2 100--200 mmHg), severe (PaO2/FiO2 \< 100 mmHg). Arterial blood samples were analyzed on a ABL90 FLEX Plus blood gas analyzer (Radiometer Medical ApS, Brønshøj, Denmark).

Blood count and serum values of creatinine, lactate dehydrogenase (LDH), aspartate aminotransferase (AST), alanine aminotransferase (ALT), creatine kinase (CK) and C-reactive protein (CRP) were quantified in all patients enrolled in the study. A Sysmex automated hematology analyzer was used to perform blood count according to the manufacturer\'s protocol (Sysmex Partec, Milan, Italy). Serum samples were analyzed on a fully automated clinical chemistry Instrument (Beckman Olympus, Beckman, Germany). In particular CRP was detected by a turbidimetric reaction and LDH by an enzymatic reaction (oxidation of lactate to pyruvate), based on recommendations of IFCC.

The normal distribution of variables was analyzed using the Kolgomorov-Smirnov Test; means, medians, standard deviation (SD), interquartile range (IQR) have been calculated when appropriate. A log-transformation was applied to the data in the case of further analysis requiring the assumption of a normal distribution. Correlation analysis was performed using the Pearson product moment correlation test; p values lower than 0.05 were considered significant. Multivariate analysis using a logistic regression model with PaO2/FiO2 \< 200 mmHg as dichotomic dependent variable and sex, age, neutrophils, lymphocytes, platelets count, creatinine, LDH, AST, CK and CRP serum concentrations, as covariates.

Receiver Operating Characteristic (ROC) curve was made for LDH and CRP serum values of patients with PaO2/FiO2 less than 200 mmHg. ROC curve plots the true-positive rate (sensitivity) against the false-positive rate (1-specificity) for all possible cut off values. The area under ROC curve was also calculated.

Statistical analysis was performed using SPSS 26.0.0.1 (IBM Corp. IBM SPSS Statistics for Mac, Armonk, NY: IBM Corp.).

3. Results {#s0015}
==========

One hundred twenty-three consecutive patients with diagnosis of CoVID-19 pneumonia were included in the study: 91/123 (74%) were male (mean age 61.9 ± 14.9 years), and 32/123 (26%) female (mean age 66.5 ± 15.0 years).

At admission, 45% of patients had a PaO2/FiO2 value ranging between 200 and 300 mmHg (mild ARDS), 18% had a PaO2/FiO2 value between 100 and 200 mmHg (moderate ARDS), 6% a PaO2/FiO2 lower than 100 mmHg (severe ARDS) ([Table 1](#t0005){ref-type="table"} ).Table 1Patients' demographic and laboratory findings at admission. M: male, F: female. Laboratory tests are expressed as median values and Interquartile range (IQR): LDH: lactate Dehydrogenase, AST: aspartate aminotransferase, ALT: alanine aminotransferase, CK: creatine kinase, CRP: c-reactive protein. PaO2/FiO2: partial pressure of arterial oxygen (PaO2) to fraction of inspired oxygen (FiO2) ratio (number and percentage of patients for the different subclasses of ARDS).***Demographics*Subjects \[n\]**123**Sex \[M/F\]**91/32**Age \[mean\] (min**--**max)**63.1 (22--94) years  ***Laboratory findings*Median value (IQR)Normal rangeWhite blood cells \[× 10^3^ per µL\]**7.54 (5.17--9.66)4.0--10.0**Neutrophils \[× 10^3^ per µL\]**5.75 (3.40--7.95)2.0--8.0**Lymphocytes \[× 10^3^ per µL\]**0.98 (0.74--1.22)1.5--4.0**Platelets \[× 10^3^ per µL\]**187 (145--242)150--450**Eosinophils \[× 10^3^ per µL\]**0.0000 (0.0000--0.01)0.10--0.50**Monocytes \[× 10^3^ per µL\]**0.39 (0.30--0.56)0.10--1.00**Basophils \[× 10^3^ per µL\]**0.01 (0.0000--0.01)0.00--0.20**Creatinine \[mg/dL\]**1.0 (0.85--1.19)0.6--1.0**LDH \[U/L\]**410 (303--525)0--247**AST \[U/L\]**47 (33--68)10--37**ALT \[U/L\]**33 (22--56)10--37**CK \[U/L\]**164 (89--255)0--149 (F) 0--172 (M)**CRP \[mg/dL\]**9.02 (4.47--14.46)0--0.5  ***Respiratory function*PaO2/FiO2 \> 300 mmHg \[n (%)\]**38 (31)**PaO2/FiO2 \> 200 \< 300 mmHg \[n (%)\]**56 (45)**PaO2/FiO2 \> 100 \< 200 mmHg \[n (%)\]**22 (18)**PaO2/FiO2 \< 100 mmHg \[n (%)\]**7 (6)

LDH was increased in 89% of patients, AST in 66%, ALT in 43%, CK in 46%, creatinine in 48%.

CRP resulted high in 98% of patients, only 21% of patients presented pathological values of white blood cell (WBC), but 18% had a neutrophils count above the upper normal range value, while 89% of patients had lymphocytes count below the lower normal range value, as previously reported [@b0010], [@b0040].

Our CoVID-19 patients showed elevated concentrations of: LDH (median 410 U/L (IQR 303--525); normal range 0--247), CRP (median 9.02 mg/dL (IQR 4.47--14.46); normal range 0--0.05), AST (median 47 U/L (IQR 10--37); normal range 10--31), ALT (median 33 U/L (IQR 22--56); normal range 10--31) and CK (median 164 U/L (IQR 89--255); normal range 0--149 for females and 0--172 for males). Creatinine (median 1.0 mg/dL (IQR 0.85--1.19); normal range 0.6--1) was slightly affected ([Table 1](#t0005){ref-type="table"}).

Correlation analysis showed a significant direct relation between LDH and AST (r = 0.62, p \< 0.0001), ALT (r = 0.371, p \< 0.0001), CK (r = 0.452, p \< 0.0001), creatinine (r = 0.36, p \< 0.001), WBC count (r = 0.44, p \< 0.0001), neutrophils count (r = 0.52, p \< 0.0001), CRP (r = 0.57, p \< 0.0001). CRP values correlated with WBC count (r = 0.51, p \< 0.0001), neutrophils count (r = 0.36, p \< 0.0001), and showed a slight inverse correlation with lymphocyte count (r = -0.21, p \< 0.05).

The most interesting findings were the strong inverse correlation between LDH and PaO2/FiO2 values (r = 0.62, r2 0.38, p value \< 0.0001) ([Fig. 1](#f0005){ref-type="fig"} a) and between CRP and PaO2/FiO2 values (r = 0.55, r2 0.31, p value \< 0.0001) ([Fig. 1](#f0005){ref-type="fig"}b). PaO2/FiO2 values also showed a significant inverse correlation with: age (r = -0.37, p \< 0.0001), AST (r = -0.31, p \< 0.01), WBC (r = -0.49, p \< 0.0001), neutrophils count (r = -0.5, p \< 0.001); a trend of a slight direct correlation with lymphocytes count were found (r = 0.18) without reaching significance (0.051).Fig. 1Linear regression graphs showing in (a) an inverse correlation between LDH and PaO2/FiO2, in (b) an inverse correlation between CRP and PaO2/FiO2.

Multivariate logistic correlation confirmed that PaO2/FiO2 values less than 200 mmHg (moderate or severe ARDS) were significantly associated with higher LDH and CRP values (p \< 0.05).

ROC curves for LDH showed that a cut-off value of 450 U/l had a sensitivity of 75% and a specificity of 70% in recognizing moderate and severe ARDS (Area under the curve (AUC) 0.76, p \< 0.0001) ([Fig. 2](#f0010){ref-type="fig"} a); for CRP a cut-off value of 11 mg/dl had a sensitivity of 72% and a specificity of 71% (AUC 0.78, p \< 0.0001) ([Fig. 2](#f0010){ref-type="fig"}b).Fig. 2Receiver operating characteristic (ROC) curves for LDH (a) and CRP values (b) in patients with PaO2/FiO2 \< 200 mmHg.

4. Discussion {#s0020}
=============

The clinical spectrum of CoVID-19 infection can vary from asymptomatic forms to interstitial pneumonia with different lung damage and the development of ARDS.

All enrolled patients complained at admission flu-like symptoms, and some of them dyspnea with a wide spectrum of respiratory failure based on PaO2/FiO2 ratio as reported in [Table 1](#t0005){ref-type="table"}. Lung US and CT scan findings documented interstitial pneumonia at different stages in all the patients. ARDS is the most frequent fatal complication of CoVID-19 pneumonia [@b0060].

The strongest and most interesting findings of our study were the correlations between LDH and CRP serum concentrations with PaO2/FiO2 values. According to the multivariate analysis, these relations were not influenced by sex, age, neutrophils, lymphocytes, platelets count, creatinine, AST, ALT and CK serum values. Moreover, LDH correlate with CRP and other inflammation markers suggesting a possible relationship between tissue damage and the infective status.

LDH is an enzyme involved in energy production by conversion of lactate to pyruvate and it is present in almost all body cells with highest levels in heart, liver, lungs, muscles, kidneys and blood cells. LDH is a general indicator of an acute or chronic tissue damage and is considered an inflammatory marker [@b0065]. LDH has been described to be increased during acute and severe lung damage, and elevated LDH values has been found in other interstitial lung infections [@b0070]. CRP is a reliable marker of acute inflammation. CRP is a hepatic protein regulated at the transcriptional level by the cytokine IL-6 and IL-1 [@b0075].

In emerging literature, ARDS in CoVID-19 patients has been related to a systemic hyper-inflammation or cytokine storm, sustained by IL-6 and IL-1 increase [@b0080], and multiple trials are ongoing on anti-cytokine therapy [@b0085].

In CoVID-19 patients, LDH and CRP might represent an expression of lung damage and might reflect the respiratory distress consequent to the abnormal inflammation status. In a small cohort of 27 patients, CRP correlated with CT findings and resulted significantly increased at the early stage of severe COVID-19 before changes in the CT score [@b0090].

Early identification and adequate treatment of CoVID-19 patients at high risk for acute respiratory failure are paramount to avoid ARDS and end-organ damage. As reported by Pan et al, chest CT has a pivotal role for the diagnosis and assessment of the severity of lung involvement in COVID-19 pneumonia [@b0095]. Nowadays CT protocols are used to estimate the pulmonary damage [@b0100], and CT findings can be useful to predict adverse outcome [@b0105], but unfortunately CT scan is not available in all the Emergency Departments. Based on our results, we believe that dosing LDH and CRP could be useful to the early identification of patients at high risk for acute respiratory failure, even in patients who do not complain dyspnea or affected by slight respiratory failure. These patients could be benefit from a prompt hospitalization, a closer observation and correct treatments.
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